ON MERLIA NORMANI. 657

On Merlia normani, a Sponge with a Siliceous
and Calcareous Skeleton.

By
R. Kirkpatrick.

With Plates 32-33 and 5 Text-ficures.

A Goop deal of the work in connection with the following
mvestigation was done at the Taster Institute, in the labora-
tory of Professor K. A. Minchin, and [ take this opportunity
of thanking him for the continual help and mstruction which
he very kindly gave me in methods of technique.

Also I would express my sincere thanks to Senhor A. C.
Noronha, who accompanied me to Porto Santo to help with
dredging for Merlia.

Most of the drawings have been done by Mr. P. Highley,
who has put them on stone.  The drawings of young stages
of Merlia on PL 38 and figs. 1—f on PL 306 were done by
Miss Rhodes.

In 1908 Canon Norman, who had been working out the
Polyzou of Madeira, sent to the Natural History Museam four
small, dried, incrnsting calcareous organisms resembling
Polyzoa. The crusts were about a sqnare centimetre in avea,
and a milhmetre or lessin thickness. They had been detached
from a small mass of calcareous conglomerate hooked up by a
fisherman from sixty fathoms off Porto Santo island, about
twenty miles N. K. of Madeira.

The specimens were covered with a thin vellow pellicle
stretching across a white calcareous network, with very
minute polygonal meshes, and with small rongh tubercles
rising from the nodes and pushing up the pellicle. A vertical
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section showed a series of vertical tubes divided up by
horizontal partitions or tabule. The vertical walls were
imperforate, but marked with longitudinal vertical sutures ex-
tending from the upper surface to the base, one suture being
between any two tnbercles.  The horizontal tabule usually
had a central hole or slit, but were sometimes imperforate. In
the uppermost spaces of this honeycomb-like framework were
bundles of slender pin-shaped spicules. In the small frag-
ment that could be spared for the making of preparations 1
found a ¢ tuning-fork ”” spicule, seemingly imbedded in one
of the tabule (Pl. 38, fig. 6).

Appavently the pin-shaped spicules were not present in the
particle of Merlia used for decaleification, and I wrongly
concluded that these spicules were calcareous and that they
had been dissolved in the acid.

[ named the incrusting organism Merlia normani, and
regarded it as a Pharetronid sponge! (1)  Kven if I

U If it had been lawful to base any opinion at ail on the investigation
of such scanty material. then the conclusion arrived at was, I think, a
legitimate one. **Tuning-fork = spicules with thick. parallel. wide-npart
prongs have been found only in Pharetronid sponges. Finding this
rare and peculiar form of spicule seemingly imbedded in one of the
tabule of a mysterions calcareous skeleton unlike that of any known
recent organism. it seemed justifiable to conclude that the spicule
belonged to the framework, and that therefore the latter had been
made by a caleareons sponge. The upper surface of the skeleton of
Merlia shows, too, certain resemblances to that of the Pharetronid
sponges, Porosphara and Plectroninia. Further. a Pharetronid
—Murrayona phanolepis, Kirkp. (* Proc. Roy. Soec.” 1910)—has
now been found, in which solid skeleton fibres are devoid of an axial
core of spicules, and it was on these characters that 1 founded the sub-
family Merlin®. The spicule, which sent me on the wrong track. was
a gennine * tuning-fork =~ and not a simulacrum made by some horing
fungus or Alga, for when T crushed under the cover-slip the fragment
of sponge containing the spicnle, the latter floated out solid and free
into the balsam. At present only three Pharetronid Lithonine sponges
are kuown with a similar kind of tuning-fork. and these have been
recorded from the Indian Ocean and Pacific. Off Porto Santo Island,
in submarine holes or caves, possibly almost inaccessible to dredges,
there must be a Pharetronid sponge. Unfortunately 1 failed to secure
examples, in spite of twelve days’ dredging.
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had known that the pin-shaped spicules were siliceous—as,
indeed, they were—I would have considered them as part
of a siliceons sponge growing over a Pharetronid. In Janunary,
1909, maiuly with the object of procuring living specimens
of Merlia, I spent a winter holiday at Madeira and Porto
Santo.  After dredging for nine days off the latter island T
found the sponge in sixty fathoms oft a little rocky islet
called Cima, at the S.K. corner of Porto Santo. The living
specimens were in the form of little bright vermilion crusts,
with a smooth surface. At first, when removed from
the water, nothing else was seen excepuing the bright
smooth patch of colour, but soon the surface sank a little,
and the porcelain-white skeleton network with its nodal
tubercles became visible, thus enabling Merlia to be distin-
gmshed from certain other small red incrusting organisms
bronght up in the dredge, viz. a red Ectyomine sponge, a
polyzoan, a componnd ascidian and a coralline alga. It is
true these latter all had slightly different shades of red, but
Merlia itselt varied slightly in this respect. A crust of
Merlia broken in half showed the cavities of a calcareous
framework filled with orange-coloured jelly.

Specimens were fixed in 5 per cent. osmic acid in sea-
water, washed, stained immediately in Weigert's picrocarmine,
and either graded into alcohol or put into g¢lycerine. Others
were fixed in Flemming mixture, and others again in absolute
alcohol.

When I came to examine the first decaleified sections of the
fresh material I was expecting to find a Pharetronid sponge,
and great was my snrprise on seeing at the surface a siliceous
sponge, and below the latter and in continnity with it a series
of separate bat closely packed parallel mouiliform cylinders
chiefly made np of large granunlar cells imbedded i a
tongh transparent maltha. In specimens decalcified whole
the eylinders hang down fromn the thin surface lamina, the
-arious segments of each cylinder being united by narrow
central isthmuses of tissne which had passed through the
holes in the centre of the tabule. After a long search
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among many specimens I failed to find any calcareous
spicules, “ tuning-fork ” or otherwise.

At first sight it seemed that Merlia must be some unknown
calcareous organism, viz. I'oraminiferan, Pharetronid sponge,
Coral or Polyzoan, infested by a remarkable siliceous sponge.
Weltner, (2) who had seen some of the fresh specimens and
sections, pnblished a short paper entitled “Ist Merlia
Normani Kirkp. ein Schwamm?” in which he stated his
belief that Merlia was an unknown calcareous organism, and
that the siliceous sponge associated with it was merely :
“ranmparasit’” which would probably be discovered sheltering
itse!f in other suitable situations. Later, in a paper on
Astrosclera willeyana, Weltner (3) again expressed his
opinion that the siliceous sponge had simply inernsted and
grown into the caleareous organism. There was, however, an
important objection to this theory. When shells on which
the Merlia was growing were ground down till the base of the
Merlia appeared, the cavities or “crypts”? of the calcareous
framework were found crammed with the large granular
“erypt” cells even five stories down below the surface, and
frequently such crypts were voofed over by tabula in
which the central hole has become reduced to an almost
imperceptible slit from 1 to 3u in diameter. A propos
of the crypts and the cells inside them, to the question
“Whose grave is this?” the answer seemed to be, “’Tis
indeed thine, since thou liest in 1t.” I concluded that the
cells had heen formed in situ and had not grown down from
the surface. [ named the siliceous sponge Noronha
sealariformis, but failed to arrive at any definite opiuion
concerning the calearcous structure, pointing ont, however,
its resemblance to certain Palwozoic fossils (Monticuli-
pora sensin lato, Rhaphidopora) and to Heliopora. (4)

Further examination showed that the masses of crypt-tissune
were in vital continnity with the sponge at the surface. In
some instances bundles of siliceous spicnles were found
imbedded amongst them. The existence of a sponge with

U A name suggested by Prof. B, A. Minchin,
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siliceons and calcareous skeleton had seemed to me as improb-
able as that of a centanr, for no distinction between siliceous
aud calcareous sponges has been considered so profound as
that of the chemical constitution of the skeleton.

After examining about 1000 specimens, and tracing the
development of the soft tissues and skeleton at the growing
edees, I became convinced that Merlia was, beyond dounbt,
a sponge with a stliceous and calcareous skeleton (§). The
grounds on which this conviction is based are so firm that the
final proof, such as would be afforded by seeing an embryo
of Merlia settle down and develop the siliceous and
calcareous elements, is, in my opinion, no longer necessary. I
am having, however, relays of specimens sent from Porto Santo
every fortnight, in the hope of discovering when Merlia
forms its reproductive cells and embryos, and of thereby
being enabled to work out the development.

DescripTioy oF MERLIA NORMANIL!

The great majority of the specimens, of which there are
abont 1000, were obtained from sixty fathoms off Porto Santo
Island. All the specimens from this depth are in the form
of small incrustations, on an average about a square centi-
wetre in area aund a millimeter or less in thickness. The
crusts grow on shells, branches of corallines, Foraminifera,
worm-tubes, ete., are bright vermilion in colour, and have o
smooth surface. They conform closely to the surface of the
objects upon which they grow, creeping round the edges of
shells and encircling the branches of corallines (P1. 32, figs.
1-3). They are flat and thin when spread over the smooth
inner surface of a shell, but in other sitnations they may
form slightly thicker convex bosses. Merlia always grows
on hard unyielding surfaces, and never on soft objects such
as sponges or Ascidians. The Merlia crust is always so
intimately united to the surface of foreign objects that it is
almost impossible to flake it off without removing some of the

1 A certain amount of repetition of details given in the introductory
account seems unavoidable,
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foundation on which it is growing. This close union is one
of the characters that has made the problem of Merlia
difficult to solve, and has led to false inferences being drawn,
as I shall endeavour to explain later.

In addition to the above-mentioned specimens there are two
much larger ones requiring special notice. One of these, a fine
example forming a large patch over 30 square centimetres in
area on a small block of voleanic rock. was hooked up by a
fisherman from ninety fathoms off Porto Santo Island (PI. 32,
fig. 4). The specimen was nearly dry when brought to me, but
it still retained its red colour. Lastly, in the Seminario
Musenm at Madeira there 1s a large fragment of a dead
Dendrophyllia covered over a considerable area with a thin
crust of Merlia. The coral was hooked up from ninety
fathoms off Cape Garajan, Madeira. Pl 32, figs. 5, 5a shows a
small piece of incrusted coral, which the anthorities of the
Seminario Musenm kindly allowed me to break off. The
Merlia incrnsts both the sides and free end of the coral
branch.  Evidently the sponge tourishes better in ninety
fathoms than in sixty, and it may be inferred that the habit
of Merlia is always merusting.

When living specimens are removed from the sea the soft,
smooth surface sinks down a little, thus allowing the porcelain-
like network, with its minnte circular or polygonal meshes
and little nodal tubercles, to be seen imbedded in the red
flesh.  Usnally no openings of any kind are to be seen, bnt
in the case of two specimens killed suddenly by dropping
alive into Flemming’s mixture, several very small circular or
oval holes, from 20 to 60 ¢ in diameter, were visible (Pl. 32,
figs. 7, 8). These two specimens were the best preserved of
all, for they were in the expanded condition, and the fixing
fluid had penetrated well into the interior.

The thin growing edge of the sponge extends well beyond
the edge of the calcareous skeleton in examples in which the
crust spreads freely over a surface, but often the growing or
creeping edge 1s dammed up, so to speak, and the sponge
and its calcarcous skeleton increase in depth at such places.
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A hiving sponge broken in half—i. e. in vertical section—
shows (Pl 32, fig. 10), beneath the soft surface-layer, a more
or less regular white calcareons honeycomb, with blocks of
reddish orange-coloured jelly filling in the spaces, the appear-
ance being that of pots of jelly superposed one on another in
from one to three or four or, rarely, five storeys from edge to
centre of the sponge. The blocks often form fairly regular
horizontal and vertical rows.  Oceasionally the uniformity of
a vertical row is interrupted by a block of double breadth,
and very frequently the regularity of the horizontal rows is
broken owing to the blocks of “ jelly ” being longer or shorter
than the average. Pl 32, fig. 9, shows variation both in the
length and (ouce) 1 the breadth of the blocks of soft tissue
filhing in the spaces or crypts in the calcarcous skeleton.  PL
35, fig. 17, shows a section of the skeleton with nearly equal
and uniformly arranged compartments. In the youngest
specimens, which form little red spots only 2 or 3 mm. in dia-
meter, there are no crypts at all, the caleareous skeleton con-
sisting merely of slender bars of a wide-meshed polygonal
network. Also, in the case of specimens which can extend
freely over the flat or curved, smooth inner surfaces of old
bi-valve shells, there may be only a few crypts in perhaps
one or two storeys at the centre of the crust, the rest of the
skeleton being composed of deeper or shallower pits, with
the floor formed by the surface of the shell.

Not infrequently the sponge grows m depth rather than iu
extent, and the cryvpts may then become four, or even five,
storeys deep, or rather, it shonld be said, high, for the growth
1s from below npwards. In such speciinens the storeys may
diminish gradually to four, three, two, one, and finally to
none at the growing edge.

On viewing by powerful reflected light under a low magni-
fication a stained specimen in glycerine, it is possible to see,
below the transparent surface, circular masses of flagellated
chambers filling 1 the uppermost spaces of the calcareous
framework, and joined to each other by radiating spokes,
also composed of masses of flagellated chambers, crossing
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over the upper edges of the calecareous walls and between
any two tubercles (Pl. 33, fig. 1). The circular masses show
a highter central area, or occasionally two such areas. Further,
from one to three nearly vertical bundles of fine needles are
present in or above each cirenlar mass.  Scattered mostly in
or upon the surface of the sponge are very minute, oval siliceous
rings. The siliceous spicules are not visible in glycerine pre-
parations, but clearly so in balsam ones. Thin specimens
decalcified whole show very clearly the darker node-like
circular areas of masses of flagellated chambers joined to each
other by five to seven radiating spokes, the blank spaces
between the spokes having been occupied by the calcareous
tnbercles.  The under-sarface of fairly thick decalcified
specimens preseuts an extraordinary appearance, such as has
never been observed before in any sponge. Hanging down
from the thin surface-layer of the sponge are closely packed
but separate parallel moniliform cylinders. The segments of
each cylinder vary in breadth from 75 to 100 u (or rarely
150 w), and in length from 75 to 250 u. 'The segments are
joined to those above and below by narrow central strands,
which had passed throngh the holes or slits in the tabule.

Fig. 9 on PL 32 shows a vertical section of a decalcified
specimen. The spaces between the cylinders extend from the
base of the sponge to the apex of the gaps left by the dis-
solved tubercles, not taking into account the fine organic
basis of the skeleton remaimng after decaleification. The
upper part of the section, including the ectosome and pars of
the choanosonie, 1s extremely contracted, but below this the
flagellated chambers, bundles of spicules, and the cylindrical
masses of large granular cells are to be seen.

Fig. 3 on PL. 33 shows a decalcified vertical section of one
of the two expanded specimens; in the part of the section
shown in the figure there happens to be only one mass of
crypt cells that had been covered by a tabula. All the other
basal extensions of soft tissue had filled in calcareous pits,
the floors of which had been formed by the surface of the shell
ou which the sponge grew (see below, Section 3).
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By macerating specimens in Kau de Javelle the calcareons
framework stands out clear (Pl 32, fig. 6, and Text-fig. 3
see Section 20).

J

Having given a general acconnt of the external appearance
and coarse anatomy of Merlia, T will now describe the
sponge more in detail under the following headings :

(1) The canal system.

(2) The skeleton ; («) siliceons, (b) caleareons.

(3) The soft tissues and cells.

(4) Yonng stages of Merlia.

(5) Theory of construction of the calcarcons skeleton.

(6) Systematic position of Merlia.

(7) On some resemblances between the calcareous skeleton
and certain Pal®ozoic fossils.

(8) Summary.

(I) Tue Cavan Svysrey: a New Tyre.

It would have been very difficult to have learned the
structure of the canal system from coutracted specimens.
Under such conditions no surface openings are to be seen,
and the upper part of the sponge is squeezed down—like a
closed concertina—into the open crypts.! Some examples of
this very contractile and sensitive spouge, dragged up with a
mass of shells and débris from sixty fathoms, were resuscitated
by trailing them in a bottle in the sea, and then suddenly
dropping them into Flemming. In these specimens not only
arve some of the oscnles and pores open, but the whole sponge
is expanded and shows wide ectosomal spaces. In contracted
specimens the sponge surface almost rests on the calcareous
tubercles, but in expanded examples the latter are a consider-
able distance below.

The larger openings or oscules measure about 60, in

! Open crypts—the uppermost spaces in the calcareous skeleton. In
the macerated skeleton these spaces are open and not roofed over by
tabule.
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diameter, and the smaller ones or pores about 20-30 . Both
kinds are oval or circular, and quite flush with the surface.

The pores may form a circle round an oscule (PL. 32, fig. 7).
but sometimes no regular arrangement is perceptible (fig. 3).
The regular plan of a central oscule and a ring of pores would
seem to conform to the shape of the upper cryptsand tubercles,
but the reverse is probably the case, the crypts conforming to
the arrangement of the canal system, as I hope to muake clear
later.

Both oscules and pores are provided with a very well-
developed sphincter apparatus, consisting of concentric and
radial contractile cells for respectively closing and opeuing
the ovifices. Some of these cells are remarkable in <hape,
viz. with long processes which curve round the orifices and
which may actually anastomose, thereby becoming porocytes.
These cells seem to indicate the mode in which porocytes may
have arisen, viz. by the fusion of processes curving round an
orifice, and not by the appearance of a hole in the solid body
of the cell (PL. 37, fig. 3).

The incurrent canals pass down and bifurcate, passing right
and left (as seen in sections . Some of them present a
puzzling appearance, for they are surrounded by flagellated
chambers. Sometimes a string or tube of flagellated chambers
is seen traversing an open space. The lumen of the tube
is the incurrent canal and the open space 1s an excurrent
one, into which the apopyles on the outer surface of the tube
open.

Fig. 13, on PL 33, which depicts the growing edge of a very
young sponge, will show Low this arrangement has probably
come about. In the youngest stage the canal structure is that
of a simple rhagon, i.e. of a gastral cavity with much folded
walls, the folds branching out to the periphery.  The spaces
between and outside the folds constitute the incurrent, and
those in the lumen of the folds, channels or canals, the
excurrent system.

The incurrent canals pass between the little clusters of
flagellated chambers, which clusters at this stage have a
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narrow lumen (or excurrent canal). In the course of growth
the cluosters expand at the same time that their lumen
mcreases, and they encroach on the incurrent spaces, which
may now consist of narrow channels or canals completely sur-
rounded by flagellated chambers.

A tube of flagellated chambers may be compared to a
hollow central column (say with a “pore” at the snmmit
opening on the roof) supporting a groyned vault, the concave
surfaces of which face the interior of the building which
leads to a door (oscnle).

The excurrent spaces or channels in the npper part of the
sponge often form wide pounch-like ont-foldings, but those in
the deeper parts which are crowded into the uppermost open
crypts of the hard skeleton are in the form of narrow
canals.

In a section the in- and excnrrent canals are easily distin-
guished by the direction of the apopyles and the collar-cells.
A terminal excurrent canal or space opens into the floor of one
of the large ectosomal spaces, and the latter open to the
exterior by an oscule.

The flagellated chambers possess a remarkable strnctnre
not known to occur elsewhere. 'They are semi-oval or hemi-
sphervical, and about 33 p in diameter. They are usually
closely approximated to each other, being joined—or sepa-
rated—only by a few connective-tizssne cells.

Stretehed across the excurrent aspect of each chamber is a
membrane with a thin-edged eirenlar apopyle in the centre.
Nearly smrrounding each apopyle is a single contractile cell
which acts as o sphincter muscle. The apopyles vary in
diameter from a point up to nearly the width of the flagellated
chamber.

The prosopyles consist simply of spaces between the fused
rays of the stellate bases of the collar-cells (Pl 33, fig. 6)
—a character recalling the membrana reticulavis of Hexacti-
nellida.  This stellate arrangement of the cell-plasma is
not easy to see, and I am thereby led to believe that this
mode of union may possibly occur among other tetraxonid
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sponges, especially among those with a enrypylous tyvpe of
canal system.1 A

The collar-cells vary greatly in appearance according to
their state of contraction. Iigs. 8-12 on PL. 33 are drawings
of collar-cells on one and the same slide. Some are relatively
short and thick, with the collar contracted down and joined to
the collars of neighhouring cells, and with a wide opening
with polygonal outline. Others are elongated and with
separate cylindrical collars. The collar-cells vary in height
from 45y to 85y The usnally spheroidal but sometimes
hemispherical body is about 3-3 1 in diameter.  The spherical
nnclens is at or near the base of the cell. The flagellum
passes down through the cell to the nuclens (Pl 33, fig. 12).
The name “hymenopylous”’? is proposed for the new type of
canal system, which seems to be a modification of the eury-
prlous type.

(24) TuE SILICEOUS SKELETON.

The siliceous skeleton consists mainly of upright bundles of

! Fig. 6, PL 33, is, I find, slightly diagrammatic in places, hut it is
sufficiently accurate in places to justify the statement that the collar-cells
are joined to each other by stellate basal processes. Further investi-
gations of new, well-fixed material, prepared with a good plasma stain, are
desirable. Ttisnotsurprising that we have solittle knowledge concerning
the inter-relatious of collar-cells in siliceous sponges. The difference
hetween the tissues of healthy living sponges and dead ones fixed under
the best possible conditions must be very great, especially in the matter
of contraction. Minchin and Reid have shown (- Proc. Zool. Soc..
London,” 1908, p. 674, pl. xxxvii, fig. 24) that in Clathrina contorta
the bodies of the collar-cells are separated by delicate extensions of the
gelatinous ground-substauce of the sponge.  Muriel Robertson and
Minchin (¢ Quart. Jouvn. Micr. Sci..” November, 1910, p. 621) write that
probably the collar-cells are connected across this intervening snbstance
by protoplasmic fibrils. though they have not yet seen snch connections.
Certainly the manmner in which a contracted Ascon with its collar-cells
squeezed out among the porocytes expands again with all its collar-cells
* dressed " and in line would lead one to suspect that here also there
may be a kind of collar-cell membrane, as in Hexactinellids.

2 Yy, évoc. membrane : wiy, gate.
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slender tylostyles' with pointed ends outwards, along with a
few slender rhaphides, which form more or less vertical pillars
of support round the large ectosomal spaces and iucurrent
canals. In contracted sponges one to four of these vertical
wisps are drawn down into the npper erypts, but in expanded
specimens the wisps are ontside the crypts and form supporting
pillars to the ectosome and canals (Pl. 32, fig. 10, and Pl
33, fig. 3). Sowetimes a bundle of spicules lies transversely
on the floor of an upper open crypt. Ouly very rarely are
spicules of any kind found in the lower crypts, but neverthe-

IRESETSRCN2

Sections of masses of crypt-tissue showing siliccous spicules.
a. An elongated calcocyte in neck of crypt. Soft crypt-tissue
mostly disintegrated owing to insufficient fixation. X 225,

less they do occur there.  (The probable reason for this ravity

1s explained in Section ).

Numerous microscleres in the form of oval rings—for
are scattered abont

)

which I propose the name “ clavidises ”’
on the surface, and also, but much less abundantly, deeper
down.

!'In the report on the " Discovery ” Tetraxonida I have used the
term “tyle ™ in place of *tylostyle.” because it was short, and by way
of antithesis to “amphityle,” but T now return to the commonly used
designation “ tylostyle.”

? Clavis, key, referring to the key-hole notches; discus, quoit.
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A second kind of microsclere, viz. a very minute, slender,
simple sigma is found i fair abundance in the choanosome,
especially in the immediate neighbourhood of the flagellated
chambers. At one time I thought these spicules were the
broken curved ends of rhaphides, but latterly I have seen the
httle spicules in their scleroblasts.

Rhaphides and trichodragmata constitute a third and
fourth kind of microsclere.

The Spicules.—The slender tylostyles (Pl 33, fig. 1),
which are commouly cnrved at the distal end, though some-
times nearly straight, are about 140y long, 1'8 . thick, and
with oval heads 5 by 22, in length and breadth. The
rhaphides (Pl 35, fig. 2a) are about 80 u long. They are found
separately or mixed in with tylostyles. Trichodragmata (PI.
39, fig. 2) occur, but are vather rare. In one specimen there
are toxa-like spicula with a central kink or bend (PI. 35, fig.
13), but this is an exceptional feature. The clavidiscs (Pl
35, figs. 3-9) are about 45u long, 30 u broad, and with the
rim, which 1s bevelled inwards to a thin edge, 3 4 broad. A
key-hole shaped sinus or noteh is present on the inner margin
at each end of the long axis. The axial canal is in the centre
of the thickness of the outer edge of the rim. Numerous
variations and sports occur, which are interesting because
thev show the mode of origin of these spicules, viz. from
deeply curved rods which have bent round till the ends et
and joined. Sometimes the ends cross or do not meet at all,
or a transverse bar may cross from side to side (P1. 35, figs.
7, 8). Tig. 14 shows clavidises with a dise-like plate in place
of the key-hole sinus. TFig. 7 shows a sigma-shaped spicule
which is probably merely a deviation from the ring shape.
Again, the key-hole sinuses may be absent from one or both
ends. Lastly, the clavidisc may sometimes be in the form,
not of a ring, but of a solid dise (not fignured).

1 had formerly supposed (8) that the clavidiscs were related
to chelate spicules of Desmacidonidwe, but I now consider
their affinities to be with the diancistra of Hamacantha
(see Section 6 on the affinities of Merlia). These spicules
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are mostly scattered at the surface, in which they he hori-
zontally.

The oval rings found decper down in the sponge usually
have thinner rims. In one instance six rimgs followed at
equal intervals on one side and five on the other side of the
mass of sponge filling an open crypt. Hence I called the
upper part of the sponge Noronha scalariformis.

The very fine primitive simple sigmata are commonly found
in the neighbourhood of the flagellated chambers.

There seems to be no transttion between the sigmata and
the clavidises. At the same time the clavidises probably
developed from some snch form. 1In one or two of the
myocytes acting as sphincters round the apopyles there seemed
to be an appearance of a slender curved axial rod of silex.
Possibly the slender sigmata may originally have come into
existence owing to the presence of sphincters, which surround
not only the pores and oscules, bnt also the apopyles of the
flagellated chambers.

To snm up, normally there are five kinds of spicules in
Merlia, viz. tylostyles, long rhaphides, trichodragmata, clavi-
dises, and slender sigmata.  Rarely thicker sigmata and toxa
oceur.

Pl. 35, figs. 11-15 show abnormal forms of spicules, all found
in one specimen.

(28) THE CALCAREOUS SKELETON.

When a living sponge 1s taken from the water presently the
semi-transparent, red, fleshy surface sinks a little, and
the porcelain-white calcareous skeleton becomes visible.
Under a lens it is possible to sec the very minuate circular or
polygonal meshes of a fine networlk, and the still more minute
tubercles rismg from the nodes. In dried specimens the
flesh forms merely a thin yellowish pellicle, covering the
surface, which has a nniformly granular aspect due to the
tnbercles below, with here and there a polygonal pafttern
where the soft tissues have snmk more deeply into the spaces
of the skeleton beneath.
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For the investigation of the skeleton specimens were
macerated in Ban de Javelle, and vertical and horizontal
sections ground down, and some examples were incinerated.
To the naked eyve the surface of a macerated-out skeleton or
of a dried specimen like that encrusting the Dendrophyllia
(PL 32, fig. 5, Sa) has a very finely porous appearance, the
meshes being barely visible.

The meshes are about *18 to *22 mm. in total diameter, 1.e.
four and a fraction to a millimetre, the actnal spaces or holes

TEXT-Fi¢. 3.

=

Surface of caleareous skeleton. The large dark civcle is the
mouth of a worm-tube. x about 40,
being abont *12 to ‘15 mm. across, and the walls about *04 to
‘06 m. thick. The number of tubercles round a mesh varies
from four to seven or eight, five or six being the average
number.  Occasionally two meshes are combined mto one
larger oval oue, with ten to twelve tnbercles.

The tubercles are about 75u high and 75 u broad at the
base, and are covered with very minute sharp-pointed conules
about 10 4 high and 16 p broad at the base, but varying both in
shape and size. The point of the conule is generally nipple-
shaped and may lean over a little to one side. Again the
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conules may be ronnded at the summir, or more elongated than
usnal. A little below the snrface the uppermost tabule are
visible, each with a central, civenlar or oval hole or nearly
closed slit (Pl 35, fig. 16).  Sometimes the tabula is merely a
rim or ledge round the inner wall of the calcareons tube, and
the central hole is correspondingly large; or,again, the tabula
may be imperforate. The tabulwe show five or six sutnral lines
radiating from the central hole or slit to the circmmference.

On the surface of the spectmen incrusting the Dendro-
phyllia there are numerons small cirenlar holes dne to worm-
tnbes, and liere and there among the ordinary meshes of the
Merlia are larger ones nearly "5 mm. in diameter, with a
shallow floor, on which there are radiating ridges and even a
central colnmella-like - knob, the whole somewhat resembling
a very small coral calycle.  The large meshes ave here simply
due to the effort of the sponge to repair the lesion cansed by
the presence of the worm-tnbes, the openings of which are
fonnd just beneath the floors of the snpposed calycles.

A vertical section of the skeleton shows parallel vertical
tubes divided np by tabulae (P1. 35, fig. 17).  Often the tabulwe
form a sevies of parallel horizontal planes at regular intervals
of about *15 wmm., but the regnlarity is frequently distnrbed,
as will he obvious frem fig. 9 on PL 32, showing the soft
tissues which filled the crypts.

The magnified snrface view of the skeleton (Pl 35, fig.
16) shows three flanges or wings radiating from the base of
each tnbercle and meeting opposing flanges from neighbone-
ing tnbercles. A sutaral line mwarks the junction of the
opposing flanges, and the most prominent radial sntures on
the tabule are continunous with those between the flanges.
A vertical section shows the interflange sntures to be con-
tinned as vertical lines down the walls of the tubes from
surface to base.

The tabulwe ave about *015 mm. thick. On both snrfaces,
in addition to the radial sutures there ave fine concentric
markings confined to those surfaces, the thickness of the
tabula being homogencons.  The radial sutares typically
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ran from the central region to the vertical sutures between
the flangesand are continuous with them, thongh occasionally
this arrangement 1< a little obscured.  Fig. 19, Pl. 35, shows

a thick ground-down section in balsam as viewed by powerful

TexT-F1a. 4.

A. Diagram showing a structural unit of the calcareous skeleton.
Horizontal section at level of three tabule. «. Curved surface.
b. Sutwre of flanwe. e, ¢, ¢”. Three segments of tabule. d.
Margin of portion of central hole in tabula. e. Central vertical
axis below apex of a tubercle. B, Diagram showing five struc-
tural units joined to form one tube and talula. and parts of
five other neighbouring tubes and tabule. Horizontal section
at level of tabule. Lettering as before. c¢. Three structural
units in elevation (diagram). Lettering as in Ao. 1. Tubercle.

oblique reflected hight. The walls of the tnbes were heve,
1. c. at the base of the sponge, very thick, but both the hori-
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zontal tabular and vertical (or columnar) sntures were
beantifnlly lighted nup.

The disposition of these vertical and lorizontal sntures
clearly shows how the skeleton has been bnilt up. The
stractural unit is a broadly based pillar with three vertical
longitudinal wings or flanges (whicli unite with the flanges of
three juxtaposed colmmns), and with three vertical longi-
tudinal cnrved snrfaces or flutings which form a part or
segment of the walls of three tubes, and lastly with tiers
usnally of three horizontal triangular tabular segments in one
plane, the nnmber of tiers varying with the nnmber of tabula.
(See diagrams A, B, € In text.)

It was a surprize to find that there was no continuons
floor sneh as was depicted (in vertical section) in my original
figure.(7)  T'he seeming existence of a Hoor in certain places
s apparently due to the section cntting through the thick
outspread base of a vertical wall.

1t is certain there is no contvinuons basal lamina at the
periphery of thin spreading ernsts, but occasionally 1
have seen what appear to be complete floors at the base of
some of the basal crypts.  The floor of Mervliais formed by
the shells, coralhne algwe, Foraminifera, ete., on which the
sponge is growing.  The vertical walls of the lowest erypts,
often thickened and spread out a little at their bases, arve
mtimately fused with the foreign foundation.

Under o fairly high power the skeleton shows a finely
fibrillar strneture (Pl 85 figs. 16, 17).  When the skeleton 1s
viewed from the surface, the fibrillee are seen to radiate out
from below the base of each tnbercle towards the longitndinal
sutnres, where they meet but do not blend with the fibrille
of opposite flanges (Pl. 35, fig. 16). Superposed zones of
fau-like bands of striw radiate npwards and ontwards from
the vertical axes of the colummus of the skeleton and pass into
the tabnlwe and walls of the tubes (P 35, fig. 17).

An English colleague was engaged, at the time this was
being written, in the attempt to show that Merlia was a
Foraminiferan. He had only a dried skeleton, coming, I
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believe, from the West Indies, and two of my specimens of
the real Merlia from Porto Santo, on which to base his
conclusions. If I had had such scanty material, I also might
easily have come to the same conclusion, becanse Merlia often
grows on a spreading crnst of Polytrema or other Fovami-
nifera, and the cancellated structure of the latter appears
to belong to the Merlia; but having had hundreds of
specimens to deal with, I have fonnd Merlia growing on
shells, on gneiss, on spreading lamine of thin incrusting
Corallines, etc. Foraminifera with a superficial reticulate
pattern with nodal tubercles are not uncommon. Dr.
Harmer showed me one he had found among the *“Siboga”
Polyzoa. DProfessor Stanley Gardiner collected a similar
species incrusting Lithothamuion {rom Providence Reef. I
myself dredged a Carpenteria-like species off Christinas
Island. In all these instances the Foraminiferal nature is
clearly shown by the finely perforated floor at the base of
each mesh. At one time I myself thought Merlia was a
Foraminiferan, not only on account of the calcareous skeleton,
but also because the masses of crypt-cells (in glycerine)
looked like lobose pseudopodia, the maltha o which they
were imbedded being invisible.

At the growing edges of the sponge and in whole yonng
specimens there is simply a delicate network of calcareous
bars. In the case of young specimens on thin bivalve shells
one can often see through the whole stractnre. The soft
sponge tissnes cover the calcareons network, which has no
basal lamina, and there is no trace of any other organism what-
soever. Even this strong circumstantial evidence in favour of
the theory that Merlia is a sponge is nnimportant in com-
parison with the positive evidence afforded by the soft tissues.

The growing edge of the skeleton shows the delicate poly-
gonal network, with half- or open polygons at the edges, and
here and there isolated small lnmps or even bars (Pl 38, fig. 5).
In the older parts the slender bars of the delicate meshwork
have increased in height and the meshes have become pits,
and still later tubes with one or more tabule.
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The growth of the skeleton is mnch influenced by the
conformation of the base.  When growig on shells or worm
tnbes with ridges, the sponge makes squarish oblong meshes
with parellel or concentric arrangement (PL 35, fig. 20).

This last fignre of a specimen macerated in FHan de
Javelle shows well also the earliest beginnings of the
skeleton before bars or tubercles ave formed. Here, in
places, little smears of calcareons scales are beautifnlly dis-
tingnished on the reddish snrface of the worm-tube.  These
elistening bands have a crystalline appearance as if a brush
dipped 1n strong solution of sngar had been drawn over the
surface and allowed to crystallise.  The individnal scales
have a finely pnnctate structure, and each one shows a listle
elevation which corresponds, I believe, to the nncleus of the
cell which, made the scale (Pl 35, fig. 21). Viewed as
opaque objects, the fine points and the hittle nuclear hunp n
each scale strongly reflect the light. I was nnable to detach
the glistening scales fromn the worm-tube so as to examine
them by transmitted light nuder a high power,

The calecarcons skeleton of Merlia is formed of ealcite.
Dr. G. T. Prior found that the specific gravity was 2:65,
That of pure caleite is 2:7, the difference being dne to a certain
amount of organic matter remaining in the Merlia even after
bemyg finely gronnd and macerated. The specific gravity of
arragonite 1s much higher, being 2°9, and, moreover, Meigen’s
test gave no reaction.

(3) Tne Sorr Tissves axp CrLLs.

Merlia is semi-transparent, and its tissues ure of a soft
texture, but, at the same time, rather tongh.  The bright red
colonr resides 1 the grannles of certain cells—the amwbo-
eytes.  The colouring matter is soluble 1u aleohol, in which
it forms an orange-yellow solution.  The cells will be de-
scribed nnder the following headings: (a) Collencytes, and
ground snbstance or maltha; (B) gland-cells and cuticle;
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(¢) canalay cpithelimn; (p) myocytes; (k) scleroblasts ; (r)
choanocytes; (¢) amwbocytes; (H) tokocytes.

(a) Collencytes or Connective-Tissue Cells.

The comnective-tissue cells or collencytes (Pl 37, fig. 2)
are finely granular with an oval vesicular nnclens devoid of
a distinet nucleolus, and with branching processes which
anastomose with those of other collencytes to form a network.
The ground substance or maltha at first sicht seems almost
homogeneous, but in good preparations under a high power
1t shows a very finely fibrillar stracture.  When bundles of
fibrille are cut across they form finely granular areas in
section (PL 54, fig. 4).

() Gland-cells and cnticle.

The spouge surface 1s often coated over with a very thin
layer of structureless cuticle, appavently the product of
elonguted granular cells vertically orientated just below the
surface (Pl 37, fig. 4).  In thesc cells there 1s a mmute dark
body Itke a nucleolus, bnt situated just ontside the vesicnlar

nncleus.

(¢) Canalar Kpithelinm.

A remarkable feature of great interest, and, 1 believe,
unique, is the absence of a snrface layer of epithelium. Inall
the best preserved material 1 found the cells at the surface
precisely the same as those n the body of the sponge, 1. e.
they were branching collencytes well separated from each
other by the maltha in which they were embedded. Knowing
how difficult it often is to see the outlines of surface epithelial
cells, at first I coucluded that the cuticle—usnally, but not
always present—was an epithelial layer.  Further, in one or
two very contracted spectmens, which had not been properly
fixed, the collencytes had become so pressed down in the
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maltha as to resemble an epithelium when viewed from the
snrface. In some very thick vertical sections, well preserved
and stained, it was possible to see a considerable area of the
snrface as well as the depth of the sponge, and to note the
entire absence of any trace of an epithelinm. Accordingly,
Merlia in its adult condition affords a confirmation of the
theory put forward by Haeckel and confirmed by the embryo-
logical researches ot Maas, Yves Delage and Minchin, that
exo-

X3

the sponge 1s a two-layered organism.  Merlia has an
derm” and an ““ endoderm,” buat no mesoderm.
Althongh there is no epithelinm on the surface of the
sponge the canals have an epithelial hining, which apparently
consists of cells of the same nature as the colleneytes in the
maltha, for sometimes a cell on the surface of a canal has

22

branching processes extending back into the maltha.
bl tw)

(p) The Myocytes.

The myocytes form concentric or radial groups round the
mcnrrent and excurrent orifices.  The myocytes have a
granular plasma, the granules being coarser than those of the
collencytes, and the nucleus is vesicular aund withont a nnele-
olus. They vary greatly in shape, but generally have branched
prolongations—indeed, they do not differ greatly from the
collencytes. Sometimes the branched prolongations surronnd
an orifice and fuse, so that the myocyte becomes a porocyte
(PL. 37, fig. 3).  Further, one or more small, carved, fusiform
myocytes surronnd the apopyle of each flagellated ehamber.

(8) Scleroblasts.

The scleroblasts are very finely granunlar, and with a clear
spherical nuclens. Pl. 36, fig. 2 shows these cells both in
longitudinal and transverse sections of spicule bundles. PI.
36, fig. 10 shows a scleroblast of one of the clavidises.
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(F) Choanocytes.

See under “Canal System,” Section 1, and PIL. 33, figs. 8-12.
o 2 ) ) bl

(¢) Caleigenous Amabocytes or Calcocytes.

It is to these cells that the extraordinary character of
Merlia is due, for they are calcigenous, and it ix their
function to build the calcareous skeleton.

Quite apart from their lime-forming fnuction, the arrange-
ment of these masses of cells in the form of moniiiform
eylinders is a very remarkable feature.

Before I had understood the structure of Merlia [ called
these cells crypt-cells, because mauy of them are found in
spaces of the calcareous skeleton covered over by tabulw.
As T am now practically certain that these cells which fill np
the crypts also build those structures, I suggest the designa-
tion “calcocyte,” which is in keeping with the cytological
terms now in use. Since these lime-forming cells of a sili-
ceous sponge constitute a special and unigne phenomena, 1
think they should be distinguished by u separate name from
the telmatoblasts, or better, telmatocytes, which form the
cement in Pharetron sponges.(8)

The lime-forming celis of Merlia are exceptionally de-
serving of the designation “amabocyte,” for they exhibit
a remarkable variation in shape in accordance with their
position in the sponge and the kind of work they have to do.
Before settling down to build the skeleton and in places
where they are not compressed in an enclosed space they are
more or less elongated (P’L. 38, fig. 1).  When caught i the
isthmus between two crypts they may be vermiform (Pl 36,
fig. 3, and Text-fig. 2). In the crypts, where the cells are
pressed against each other, they are massive aud cylindrical
or pyriform (Pl. 36, figs. 1-1), excepting on the outer surface
of the crypt masses, in which situation they become flattened
(PL. 34, fig. 6a, and Text-fig. 5). When forming the bars of the
young calcareous skeleton ov the inner smooth walls of crypts
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they form large flat plates with the nuclear region projecting
out from the free surface (P1. 36, figs. 6, 7, 8).

Whatever their disguise, they possess certain  comion
characters which enable them easily to be recognised.  They
are crammed with large orange-coloured pigment-granules,
the colonr being retained for a long time in specimens pre-
served in glycerine or formalin.  Further, they have a large,
soft, spheroidal or oval, vesicular nuclens and a distinct
nucleolns.  The granules, which stain easily and deeply, vary
apparently according to the state of the metabolism—that 1s
to say, in the early stages in the history of a calcocyte the
granules are often of unequal size, but when they are in a
position to lay down lime they become more or less uniform.

When the granunles are pressed ont of a cell and viewed
under a high power slightly ont of focus they appear as
uniformly light discs, and gradually, as they are broughs
into focus, a dark point appears in the centre surrounded by
a light cirele; on focussing down farther the dark point
enlarges till the circle becomes nmiformly dark. 'T'he appear-
ance of the dark point in the light circle 1s of some importance,
becunse it 1s seen all over the surfaces of the calcareous
skeleton, where the ends of the tibrillee give this appearance,
and even in the interior of the conules on the tubercles (Pl
35, fie. 22, and PL 36, fig. 9).  The granules appear to be the
essential calcigenous elements.

Wherever the skeleton is being lud down these granular
caleoeytes abound, and in decalcified specimens they are
found in the closest relation with the organic basis of the
dissolved skeleton.

Pl 34, fig. 3, shows a decalcified tubercle and side of a
polygonal mesh with the calcocytes closely applied.

Fig. 1 on PL 37, which represents the extreme growing
edge of the sponge, is especially interesting, for it shows
the calcocytes planning out the first foundations of a polygonal
mesh on the snrface of the shell on whiclh the Merlia 1s
growing. T'he calecareons products of calcocytes in this
position are flakes or scales (see Section 25, and PlL. 35, fig. 21).
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I believe the whole skeleton to be made of caleified calco-
cytes. [ig. 22 on PL 35 shows a camera lucida drawing by
Mr. Highley of a connle, which seems to me to be nothing
else than a petrified calcocyte.  For the connle fits like a cap
on the ronnded surface to which it is attached; also the edges
of 1ts base are ronnded and show a lobose process.  Fuarther,
there is an appearance of an oval nucleus in the interior, and
the fine structure shows the granules each with the dark
central point.

In the crypts and on the bars of the polygonal network the

te)

TEXT-F1G. 5.

Flattened calcoeytes on the surface of a mass of erypt tissne.
X 7H0.
surface calcocytes ave spread out 1 the form of plates (Pl
34, fig. 6, and PL 36, fig. 1, both i vertical section), and
the nucleus forms a hittle hump-like projection on the snrface
facing the soft tissunes.

The snpposed epithelinm on the surface of the masses of
crypt-cells is composed simply of flattened-ont calcocytes of the
same nature as the massive cells in the mmterior of the mass.
Fig. 1 on PL 36 1s drawn from sections made from material in
which the fixing lnid did not well penetrate. The large nnclei
of the plate-like calcocytes are shrunk and compressed, and cut
into vertical sections.  Fig. 6 on Pl 34 shows mnch better the
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vertical sections of the ealcocytes on the surface of a crypt;
here the nucleus is pressed outwards or away from the
skeletal face of the cell to form a httle monnd on the opposite
face. The wmost difficnlt part of this investigation was the
discovery of the precise nature of the surface of the masses of
crypt-tissue.  This difticulty was partly due to the slowness
with which fixing reagents penetrated into the nearly inacces-
sible crypts, and partly, I think, to actual varation in the
condition of the snrface-cells owing to functional causes.
Pl. 54, fig. 6, shows a well-fixed I'lemming preparation, and
Pl 36, fig. 1, a badly fixed osmic-picro-carmine one. Some-
times flattened snrface-calcocytes are very well shown; at
other times one can make out only a diffused layer of granules,
the bomndaries of cells bemng invisible.

There 1s a possibility that the large 1uner cells may be
trophic stores, but in wy opinion the surface crypt-cells are
amoebocytes of the same nature as the iuner ones, and also I
think they are calcigenons, and not by secretion, but by
actual transformation.

Fig. 6 on Pl 36 shows the calcocytes forming an epi-
thelium-like layer closely mounlded to one of the calcareous
bars of a polygonal mesh at the growing edge of a crust of
Merlia.

The theory that the calcoevtes become wholly transformed
ito caleified Tumps or scales 1s confronted with one difficulty,
viz. to account for the fau-like, fibrillar structure of the
skeleton. I can only snggest that possibly the fibrillation 1s
a secondary change. A decalctfied section of a tubercle (PL
34, fig. 30) shows rvadiating, fibrillar structure apparently
corresponding with that of the hard skeleton.

A propos of the ealcocytes, it only remains to say that the
cvlindrical, moniliform masses of these cells are simply basal
prolongations of the sponge body i which they have acenmu-
lated. The cells ave imbedded in the finely fibrillar maltha,
just as ave the rest of the tissues of the sponge.  Occasionally
the maltha in the crypts contains colleneytes, scleroblasts,
and spicules, and, very rarely, nndeveloped wedge-shaped
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collar-cells, such as occur in the youngest specimen. The
reasons for this sharp sepavation between hypersome and
hyposome now seem to me obvious. Tie calcocytes migrate
down and accumulate in the base of the sponge, leaving but
little or no room for the other elements, which can only
expand upwards. The continned growth of the soft tissues
thus separated into upper aud lower, or superficial and basal,
within the confined space of calcareons pits or tubes which have
gradually been forming, leads to an hour-glass constriction
and forming of tabule, with still more complete separation of
the hyper- and hyposomal elements (see Section 5 below).

Often the calcocytes migrate to the periphery of a crypt,
leaving the central part of the maltha clear and free of cells,
and giving to the mass of cells the appearance of being
arranged as a columnar epithelium against the crypt-wall and
surrounding a cavity (Pl. 34, fig. 4).  Partly for this reason I
was led to think that Merlia might be a coral of some sort,
since both the hard and soft tisxnes ““conspired” to produce
this impression.

(1) Tokocyvres.

At one time I thonght that the cylimdrical masses of culco-
cytes in the crypts were gemmule cells, but unless they were
capable of dissolving the calcareous skeleton, in which most
of them were interred and cut oft from the world, it was diffi-
cult to understand what could be the object of forming
gemmule cells in nearly closed crypts, roofed in by tabulw
with central holes or slits sometimes ounly from 1 to 3y in
diameter.

Just below the choanosome in one section are some granular
cells with the nuclens and nucleolus larger even than in the
ralcocytes (P, 34, fig. 8).  Snch cells may be egg-cells. The
specimen from which the section was made was captured in
May.

(4) Yovxe Stagr oF MERLIA.

The youngest example found was in the form of a little red
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spot, abont 2 mm. in diameter, on the inner surface of a shell.
The figure (PL 52, fig. 12), magnified twenty-five times
Jinear, shows the delicate polygonal network below the surface
of the sponge.  There are no crypts at this stage, hut simply
the slender strands or bars of the wide-meshed network,
with small tubercles at the nodes.

A vertical decalcified section, highly magnified (Pl. 38,
figs. 1-3), shows a layer of cells all over the spouge at, or
rather just below, the snrface. The cells have processes
which branch dendritically into mnumerable slender fibrillae
or filaments.  The fibrillee passing to the surface form a thin,
surface feltwork, which shows as a thin line in the section.

Bundles of fibrillee pass down from the cells of the upper
surface, and up from the basal cells. Occasionally the opposing
filaments meet and almost form a central, horizontal lamina,
especially near the periphery of the spouge, where the upper
and lower snrfaces are very close together. The waving
masses of branched fibrils almost resemble the flames of a
conflagration as conventionally depicted.

The calcocytes arve elongated, and mostly congregated near
the base of the crust and orientated at right angles to the
base, like a field of stakes or hop-poles.  Many of these cells
are embraced between bundles of fibrillie passing up from the
basal branched cells.

The flagellated chambers are not yet formed, but the collar-
cells are present as small wedge-shaped cells which here and
there show a tendency to be arranged in half circles (as seen
in section). Further, some wedged-shaped cells appear to be
prolonged at their acnte angle into a filament which joins on
to a main filament, like the main stalk and secondary stalks
of a pinnatifid leaf. Appareotly the main stem and lateral
stems represent the beginnings of the canal system. 1 have
not been able to determine the nature and relations of these
branched filaments; possibly they are the processes of con-
nective-tissue cells.

Scleroblasts and their spicnles are abundantly present.

The little grooves or arches at the base of the section are
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the gaps left by the dissolved bars of the calcareous skeleton,
In this situation a few calcocytes are seen in the walls of the
arches.

(5) TaEORY OF CONSTRUCTION OF THE CALCAREOUS SKELETON.

The skeleton 1s formed by the grannlar amwhoevtes or
calcocytes. The youngest stages of the skeleton (Pl. 35, fig.
20, 21) consist simply of microscopic scalex, flakes or lumps
laid down on the surface of the shell or other body which
Merlia incrnsts.

Within the growing edge of a flaf, thin, spread-out specimen
of the sponge the edge of the skeleton is visible in the form
of slender bars forming a polygonal uetwork, the polygons
being incomplete at the extreme edge. In a still yonnger
stage, visible only under faily high powers, the slender bars
are no more than smears or streaks of flakes, scales or lnnps,
somewhat higher at points where the tubercles will be formed.
In course of growth the smears become ridges, and the poly-
gonal outlines grow into cirenlar pits with a rim of tubercles;
and finally the pits become tubes with tabnle varying in
unmber from one to five, but commonly with one or two.

I believe that this complicated strnctuwre can be acconuted
for in the following way: Merlia is a thin incrusting
siliceons sponge which has acquired the character of forming a
calcareous skeleton.  Thissponge, like many other Tetraxonid
sponges, 1s a modification of the simple “rhagon,” i.e. of a
thin-walled flattened sack with the choanosomal folds branch-
ing out all ronnd. The mode of growth is that of dichotomous
branchlets extending out from centre to periphery and possibly
anastomosing with or in close juxtaposition to neighbouring
branches (see radiating spokes on Pl 33, fie. 1). At some
epoch in its history—a point to be discussed later—the meta-
bolic cells, the amceebocytes, became fed up with carbonate of
lime,and either underwent calettication or re-secreted the hine.
These cells would necessarily occupy the spaces in the sponge
between the choanosomal branches; especially at points of
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bifurcation.!  Accordingly heaps of amabocytes wonld acen-
mnlate at these points, and would extend along lines
at right angles to the choanosomal branches till they
met neighbouring 1idges, in snch a way as to enclose poly-
gonal or cirenlar areas, over the edges of which the choano-
somal branches wonld exteud (and between the tubercles or
poiuts of greatest heaping). At last the shallow meshes
would become pits into which the heavy amcebocytes loaded
with calcigenons grannles wonld migrate. The heavy masses
of loaded awmwbocytes in the pits would tend to stay there,
but the choanosome aud ectosome wonld continue their
growth 1 the direction of the snrface. A tendency to a
cleavage into two zones, hypersome and hyposome, would
gradually become accentnated, especially in cases where the
sponge can increase considerably in depth.

The resnlt of the pull between opposing forces would be
to canse in the little cylinders of soft tissue an hour-glass
coustriction.  The continual erowth of cells and tissues
m a confined space would fill w the space round the hour-
glass neck so that the *“ ¢lasses” wonld become two closely
approximated cylinders;, between which the amabocytes,
or rather, calcoeytes, would form a tabula leaving only
an isthimns of tissue.  Often even this hittle 1sthmns 13 nipped
m and finally cut through by the total closure of the tabnla, and
the caleocytes below become cut off and buried i theiv erypt.

Obviously with varying factors there will bhe varying
vesults.  With uniform migration of calcocytes over a flag
surface there 1s a tendency to peripheral extension rather
than to growth m depth, and a uniform pull between hyper-
some and hyposome will lead to uniformity in size of crypts
and to deposition of tabula in horvizontal planes, and <o on.

! The laying down of calcareous hars in the earliest stages before the
flagellated chambers are formed wonld seem at first to furnish an argu-
ment acainst the theory that the form of the calcareous skeleton has
heen, so to speak, moulded by the choanosome. It mnst be remembered
that siliceous spicules are found, too, in the youngest stage, and these
must originally have been developed later than the flagellated chambers.
By *choanosome ™ is here meant chiefly the canal system and flagellated
chambers.
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A stmple model such as a wide india-rubber tube attached
at one end and stretched so as to form a “ node ”—which could
be tied with string—may serve to represent hyposome and
hypersome. If air be forced in at each end, the two sections
will become cylinders tending to approximate at the node.
The pumped-in airv will represent the growing tissnes and cell-
masses.  Perhaps the rubber tnbe should be encompassed by
a hard eylinder corresponding to the calcareons pit or tube.

Where growing protoplasm surrounds itself with a nearly
closed calcarcons cell or wall this opposition between the
pull of basal inertia and that of centrifugal growth force tends
to hring abont the formation of a tabnla or its eqnivalent.

In cases where the soft tissues in a tube arve lifted bodily up
and secrete a new floor at their base the comparison with what
takes place in Merlia does not quite hold. The honr-glass-
shaped siphonoglyple of Tubipora and the cystiphragms in
certain Monticuliporas appear to be due to special kinds of
pulls or strains on the epithelial and other soft tissues.

The varying style of construction of the ealcareons skeleton
18 due, [ believe, to the fact that the calcocytes either settle
down and deposit heaps of lumps (the connles of the tubercles)
or—in the case of crypt-walls and tabulae—layers of flakes.
Wlen crowded in the crypts the actively secreting calcocytes
are spread or squeezed ont tlat and make smooth walls, filling
m irvegularities between the already formed conules. Some-
times from difficalties of terrain, such as the presence of
steep ridges or shells, the little builders form thick conical
main pillars conulated from base to summit and with scarcely
any flanges or tube-walls.!

! The researches of Koch and Bourne seem to prove that the skeleton
of stony corals is formed as a secretion from calicoblasts. Heider and
Maria Ogilvie, on the other hand, have concluded that this skeleton is
the product of calcified cells. At present the former theory is in the
ascendant. T have given evidence, though not so much as I could have
wished, to show that the almost coral-like skeleton of Merlia is built
up of calcified cells. The amebocytes of a sponge are so very ditferent
from the epithelial cells of a coral that it is doubtful whether the know-
ledge of the mode of skeleton formation in Merlia would throw light
on the question of stony coral formation.

VOL. 56, PART 4.—NEW SERIES. 48
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Porto Santo 1s a little island abont six miles long from east
to west, with a small islet, Cima,! at 1ts south-east corner,
and another, ITheo de Baixo, at its sonth-west corner. Baixo,
which is a voleanic island, is extremely intevesting geolo-
aically, for it has beautitully preserved coral reefs sand-
wiched between layers of basalt, The Madeirans nse the
coral for lime, and the Knglish name of the island, viz,
Lime Island, is of some significance from the poiut of view of
a theory I am about to snggest i explanation of the peenliar
feature of Merlia, viz. that this little sponge may have
acquired its Hme-forming character at the epoch when the
coral reefs of Baixo were being formed, that is to =ay, during
the Miocene period.?

There would probably have been a larger amount of carbo-
nate of lime iusolntion and of fine particles of thas substance
in suspeusion in the sea-water in that area than at present.

Possibly the metabolie cells of Merlia became fed up (if a
vulgar colloguialism may be permitted in the classic pages of
this journal) with caleareous matter, and either re-secreted it,
or became wholly ealeified into Inmps ortflakes.® Natnre,always
selecting what is helpful for survival, ended 1u muaking nse
of this property to elevate the delicate httle crust—so liable
to be overlaid by other organisms—and to formn shelter-pits
for the soft tissues. Support and shelter are two very
important factors in sponge economy, as wituess the boring
sponges, which have acquived the character of working their
way into shells and Hmestone. Merlia construets its own
shelter and snpports. Morphologically the caleareous skeleton
is wholly on the basal surface of the sponge, and, indeed.
outside of 1t.

U Chma above, Baixo (ef. basis) low. The Portugnese refer to a loca-
tion to the east as cima and one to the west as haixo, beeanse their own
mountains are east and their coasts west,

2 It wonld be interesting to discover Merlia merusting the shells,
corals, ete. so alnmdant in these reefs. It seems to me very probable
that it will be found there.

3 Compare Haeckel's theory of the origin of caleiveous and siliceons
sponges respectively on caleareous and siliceous oozes,
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It it be asked why other siliceons sponges, especially those
living in coral-reef -areas, do not form calcareous skeletous,
the reply wonld be that it is too mnuch to expect to be able
to explain why any apparently spontaneouns variation takes
place in any living organism, because the ultimate mole-
cular and chemical factors elude the power of analysis. As
Weisinann writes (12)—(but a propos of the trophic
effect of functional stimnlus)—“ We are here face to
face with the fnndamental phenomenon of life, metabolism ;
and since we do not understand the cause of this, we are not
m a position to say why it varies 1n this way or that accord-
ing to the stimnlus.” Possibly the orange-coloured proto-
plasmic granunles of the calcocytes happened to acquire
under favourable conditions just that molecular coustitution
that rendered carbonate of lime attractive, but apparently
under penalty of becoming petrified. Later the “ penalty
of the individual cells became transformed 1nto an advantage
for the common good.

The theory that Merlia constrncted its calcareous skeleton
in comparatively recent times is rendered plansible by the
fact that no fossils, even with a superficial resemblance to the
latter, occur till Paleozoic times. In any case the resem-
blance between Merlia and certain Palaozoic fossils may be
pnrely homcoomorphous.

It,as I believe, Merlia is asiliceons sponge! which has taken
to forming a calcareous skeleton, then this sponge furnishes
a good example of the hereditary transmission of an acquired
character, and further, a striking instance of the tendency,
which Herbert Spencer (9) first called attention to, of one
part of an organism to increase in size and importance at the
expense of the rest.

Weismann gave the name “intra-selection” to this ten-

1 Whether Merlia acquired its calcicenous properties in Silurian or
in Miocene times, it is difficult to regard it as any other than a siliceous
sponge related to Desmacellina. No spongologist would helieve
that Merlia got its tylostyles, sicmata, trichodragmata and occasional
toxa by a process of convergent evolution.
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dency. Tt is surprising to vealise that the extensive crust of
Merliaon the Dendrophylliais the product of a very thin
incrusting siliceous sponge, and, again, it is equally surprising
to observe the great bulk of the masses of calcocytes in
proportion to the rest of the tissues.

The English colleague already mentioned, who is, I believe,
pnblishing a report on the dried calcareons skeleton of an
organism which he thinks is Merlia, considers it to be a
Foraminiferan. 1 think the specimen comes from the West
Tndies. Assuming the skeleton to be that of a Merlia, in
which ease it will be part of a sponge, the existence of Merlia
at Porto Santo may have been dune to embryos being carried
by the Gnlf Stream. On the north shore of the island
Columbus collected lintada beans, which led him to specnlate
on the existence of lTand beyond the western horvizon. The
eurrents which carried the Entada beans might also carry the
Merlia embryos which would settle on the first snbmarine
peaks they would come to after their long voyage.

The theory that Merlia is a local survival from the periods
when the coral reefs of Ilheo da Baixo were laid down seems
to me more probable, however, than that of the West Indian
origin of the sponge.

(6) Sysrematic Position oF MpgrLia.

The ealearcous skeleton may be a character of no great
importance from the systematic point of view.

The canal system—in spite of its novel or hymenopylons
character—and the siliceons skeleton nndonbtedly resemble in
many respects the types commonly found in Monaxonellid
SpOnges.

The calcareons skeleton is, I believe, an accidental and
acquired character due to the activities of cells nsnally con-
cerned in the metabolism of food and not occupied withskeleto-
genous functions, these Iatter belonging to a wholly different
tyvpeof cells—the scleroblasts. Merlia,then,is a Monaxonellid
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sponge, and further, there need be no hesitation in placing
1t in the family Haploscleride. At one time I had regarded
the clavidises as modified chiela, on account of the existence
of two minute knobs on one of the “teeth” of a developing
form, but it soon became evident that the aflinities of these
spicnles were with the sigmata. Tf the free ends of the
diancistra of Hamacantha were united it would become a
clavidise. Merlia, with its tylote megascleres, its rhaphides,
trichodragmata, sigmata and toxa, is nearly related to the
Desmacellinze, a sub-family into which Lundbeck (11) places
the three genera, Biemma, Desmacella, aud Hamacantha.
The scattered vertical tufts visible throuch the surface of
Merlia in whole decaleified specimens somewhat resemble
similar tufts at the oscular and poral snrfaces of Biemma
rosea Fristedt (11).  Occasional horizontal bundles of
spicules lying on the tabnle in Merlia might be compared
with the deeper-lying spicular network in B. rosea.

The presence, however, of clavidises and of a peculiar type
of canal system in Merlia necessitate the fonnding of a new
sub-family, viz., Merline, which shounld be placed next to
Desmacellinzae.

It wonld be an interesting experiment to cualtivate Merlia
in lme-free sea-water.  If the sponge survived such depri-
ration the calcoeytes wonld probably at first continue to heap
up or build a soft skeleton similar in shape to the hard one,
but later, being unburdened with lime, would resume their
original functions as ordinary amabocytes.

(7) Ox SoyE REsEMBLANCES BETWEEN THE CALCAREOUS SKELE-
ToN or MEernia Axp CErraiy Panzozoic Orcavisus,

The caleareous skeleton of Merlia undoubtedly presents
striking superficial resemblances to certain Palwozoic fossils,
such as certain Monticuliporas, and to Rhaphidopora
stromatoporoides from the Devonian of Gerolstein (Pl 38,
figs. 7, 8, 9). In each case there is a surface polygonal
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network with tubercles at the nodes, and tabular floors. In
Rhaphidopora the tabule have a central hole and radial
(? sutural) lines. In a former paper on Merlia I pointed
out that these resemblances might be merely homecomor-
phous ; at the same time I hoped that Merlia might throw
light on the problem of the nature of Monticulipora and
kindred orgamisms that have been placed by varions anthors
in widely different groups; and I was rash enongh to state
that there was now more evidence in favonr of the theory
that some Monticulipores were sponges than in that of any
other theory concerning the nature of these fossils.

After re-examining the large British Musenm collection of
fossils, and sections of Mounticulipora and allied forms,
especially  the American series presented by Prof. Ray
Bassler, I donbt whether Merlia is going to throw light on
the problems concerning the natnre of these organisms. It
would, indeed, be an astounding paradox to state that some
of the Palaozoic so-called Tabulate corals (Nicholson) or
Polyzoa (Bassler) might prove to be the product of siliceons
sponges, bnt the theory here put forward concerning the
nature of Merlia is just snch a paradox. At any rate the
fact must be taken into account that it is possible for a
siliceous sponge to make a tubular tabulate calcareons skeleton
with certain resemblances to some of the Palxozoic Monti-
culiporas sensn lato. If Merlia had been fonmd fossil,
Nicliolson wonld eertainly have classed it among the Tabulate
corals.  Nickles and Bassler wonld, T think—but I write
subject to correction—have placed it among the Polyzoa,
possibly in a new sub-order, or in the Trepostomata, though
not in the famly Monticuliporidae Nicholson (emend Ulrich)
(10), seeing that Merlia has no eystiphragms, mesopores, or
acanthopores.  The zoologist who would propose to classify
a recent Merlia among the Foraminifera would naturally
place the fossil Merlia in that group. I myself at first
deseribed the dried skeleton as that of a Pharetron sponge.
Certainly no paleontologist or zoologist wonld have regarded
such fossils or dried recent skeletons as products of siliceous
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sponges.  Yet in this instance I way say, in view of my own
error, that truth is stranger than fiction.

It seems to me nn]'ike]y that Merlia could form anything
else than a thin crust, 1.e. that it, or forms allied to
it, could have formed a laminate or branched growth, for
instance, but sometimes the living sponge grows over a dead
crust of 1ts own kind.

What has happened in one instance may have taken place
on other occasions.  Amahocytes of Tetraxonid sponges
may have become calcocytes under favourable conditions at
any epoch, and these calcocytes may have formed calcareous
skeletons, just as Merlia has done.

(8) StTMaMaRY.

Merlia is a vermilion coloured incrnsting Monaxonellid
sponge belonging to a mnew snb-family—Merlinee—of the
Haploscleridwe.  Large granularamwboestes (calcoeytes) have
constructed a basal ealeareons skeleton formed of vertical tubes
divided up by horizontal tabule. The tubes are built np of
columus, each with three vertical wings which unite with
wings of neighbouring colmuns to form tubes. This mode
of construction was probably primarily determined by the
disposition of the brauches of the choanosome which led to
the depoxition of amebocystes at the points of bifurcation of
the lines of flagellated chambers.

Apparently the calcocytes become wholly transformed into
lumps, conules or flakes.

The calcareous skeleton shows certain resemblances, espe-
cially at the surface, to certain Palwmozoic fossils, classed
among < Tabulate corals’ or Polyzoa.

There 1s no dermal epithelum, and the canal system is
hymenopylous.

The sponge has been found in 60-90 fathoms off Porto
Santo Island and Madeira.

A few more words remain to be said. It has been denied
that Merlia isa spouge. I can only say that my opinion
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whethier right or wrong, is based on the prolonged investiga-
tion of abundance of good material, whereas other opinions
scem to me to be fonnded mainly on & priori considerations.

I have examined over 500 specimens of Merlia and have
always fonund the tissnes of the sponge iu most intimate
association L with a calcareons strneture, which grows ax the
sponge grows.  Granulawr amahoeytes varying in  shape
according to circnmstances are fonnd evervwhere in contact
with the skeleton, and apparently in continuity with the
organic matrix of the same. Also there is a curions
similarity in appearvance between the granules of these super-
ficially placed cells and the surface view of tlie ends of the
fibrilke of the skeleton. The amahbocytes in the npper part
of the sponge have the same fundamental characters as those
in the mterior of the crypts.

Awmebocytes are found deep down in crypts nearly closed
over by tubule, and 1t is incredible that these large masses
of cells conld have worked their way down through the
almost closed slits which are found in many tabalee.  Apart
from these mechanical difficulties, one cannot imagine, from
the point of view of common-sense, why the nnder surface of
a supposed parasitic sponge should send down cvlindrical
moniliform masses of granular cells into the empty spaces
of a foreign organism, theveby carrying out a seemingly nse-
lexs and exhausting procedure.  In young sponges on delicate
shells, well stammed and perfectly transparent, it can be
clearly seen that there is not the least trace of any other

organism than the sponge (on the shell).  Weltner writes
and not nnnaturally—of the calecareons structure as that of an
unknown organism in which a spouge has settled.  [f this be
so the said organism has preserved its incognito in a marvellous
uwanner,  'The theory that Merliais a sponge that has formed
both w siliceons and a calcareous skeleton seems to wie the only
oue possible, and further, the theory that it is a siliceous

L Of conrse. it is usual for a parasite to be closely associated with its
host. but [ trust that this investigation will make it clear that Mervlia
is not an instance of an association of this nature.
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sponge that has taken to forming carbonate of lime one that
1s extremely probable.

Personal Note.—The finding of Merlia was associated
with a curious incident which I trust may be of suflicient
interest to be worth mentioning. I went out dredging daily
at Porto Santo in a small whaling boat with Senhor Noronha
and a crew of seven men. As day after day passed without
result, I reluctantly decided to give up the search and return
to Madeira. On the ninth day of dredging I sccured as
usnal several large tubfuls of various specimens, but
apparently Merlia was not amongst them. One of the tubs
contained coarse sand, and I had told the men to throw 1t
overboard in order to refill with more likely material, such
as shells, pieces of rock, ete. 1 had arranged to leave the
1sland that evening, and shortly after landing from the
dredging I sent my laggage down to the beach. While the
men were carrying away my boxes I casunally picked up a
small worm-tube ont of the tub of coarse sand which had
been brought ashore after all. Great was my pleasnre on
recognising in the fading light the long-sought-for Merlia.
T at once altered my plans and went next morning to the
spot whence the sund had been dredged, and secured a
nnmber of living specimens of the little sponge.
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EXPLANATION OF PLATES 32-38,
Ilnstrating Mr. R. Kirkpatrick’s paper “On Merlia nor-
mani: a Sponge with a Siliceons and Calcareous
Skeleton.”
PLATE 32

Fig. 1.—Merlia normani. Picce of shell incrnsted with three
small specimens.  Natural size.

Fig. 2.—Specimen on coralline. Nuatural size.

Fig. 3.—Specimen on shell.  x 3.

Fig. +.—Specimen on voleanic block. Natural size.

Fig.5.—Spectmen, dried and mostly denuded of soft tissues, incrusting
Dendrophyllia. Natural size.

Fig. 5a.—Part of same. The larger circular holes arve due to presence
of worm-tubes. X 5. (See also Text-fig. 3. p. 373).

Fig. 6.—Macerated and incinerated specimen. X 15.

Fig. 7.—Part of surface of sponge showing oscule smrrounded by
a ring of pores. X 50.

Fig. 8.—Another part of snrface showing irregular distribution of
pores. X 5.

Fig. 9.—Decalcified thick vertical section of sponge showing several
storeys of masses of crypt-cells or calcocytes ; sponge mueh contracted
at srface. X 50.

Fig. 10.—Vertical section of well-expanded specimen. «. Subdermal
spaces. b, Flagellated chambers. e, Crypt-cells or calcoeytes.  d. Long
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siliceous spicules. e. Clavidiscs. f. Tubercles of calcareous skeleton.
g. Skeletal wall showing zones of fibrille fanning out.  x 123,
Fig. 11.—Curypt-cells in glycerine. x 1500,

Fig. 12.—Youngest specimen (i) forming a minute red spot on a
shell.  x 25.

PLATE 33.

Fig. 1.—Upper surfuce of decaleified specimen showing * nodal ™
masses, «, of flagellated chambers joined by radial bands, b, of tlagel-
lated chambers. ¢, Spaces left by decaleified tubercles.  x 100,

Fig. 2—Under smiface of another specinien (decalcified). «. Masses
of choanosome filling uppermost spaces of calcareous skeleton. b, Radial
“spokes ” joining these masses. ¢. Spaces left by decalcified tubercles,
d. Crypt cells.  x 120.

Fig. 3.—Deculeified vertical section of well-expanded specimen
(showing only one mass of crypt-cells). «. Subdermal space. b. Flagel-
lated chambers. e. Soft tissues (in uppermost erypts). d. Soft tissues,
mostly calcocytes, in a lower crypt. e. Bundles of siliceous spicules.
Jf. Clavidiscs.  ¢. Inhalant pore. x 140.

Fig. +—Flagellated chambers. «. Apopyle in sphinctrate membrane.
b. Sphineter * muscle "-cell.  x 750,

Fig. 5.—Flagellated chambers. Lateral view. x 750,

Fig. 6.—Flagellated chamber, convex surface, showing prosopyles
between stellate hases of collar-cells.  x 1600.

Fig. 7.—Section of a flagellated chamber.  x 2425,

Figs. 8-11.—Collav-cells in different conditions of contraction, drawn
from the sume section. x 1800.

Fig. 12.—Collar-cell showing flagellum passing down to nuecleus. X
1800.

Fig. 13.—Growing edge of young specimen. «. Flagellated chambers.
b. Radiating tufts of spicules. ¢. Clavidise. X 175,

PLATE 34,

Fig. 1.—Section of a small decalcified specimen showing gradual
development of calcareous skeleton from edge to centre of the crust
(the skeleton being represented by spaces in figure). X 25.

Fig. 2.—Surfuce of a young specimen. a. Oscule. b. Pores. x 425,

Fig. 3.—Decalcified tubercle and upper edge of wall of skeleton,
showing large granular cells (calcocytes) and radiating fibrillar structure
of organic matrix. «. Granular cells. b. Radiating fibrillee in body of
tubercle. c¢. Flagellated chamber. x 575.
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Fig. t.—Transverse section of mass of crypt-eells (calcocytes). a.
Fibrille of maltha. b. The same cut across. X 540, (N.B.—Caleo-
cytes in erypts are, for convenience, termed crypt-eells.)

Fig. 5.—Portion of same. x 2000.

Fig. 6. Edge of mass of crypt-cells, showing ent edges of surface
ones forming a flat epithelium («), with the large oval nucleus forming
a hump on inner aspect facing cell-mass.  x 1025,

Fig. 7.—A crypt-cell showing spherieal nucleus and nueleolns, X
S000,

Fig. 8.—Granular cell in an uppermost or open crypt, with very
large nucleus and nucleolus, a. ¥ Tokocyte (egg-cell).  x 3000,

PLATE 35.
Fig. 1.—Tylostyles. X 525.
Fig. 2. —Trichodragma. x 750,
Fig. 2a.—Rhaphides, X 750,
Fig. 3.—Clavidisc, most frequent shape.  x 750,
Fig. 4.—Broken clavidisc showing axial canal. X 1000,
Fig. 5.

Clavidise with narrower rvim, deeply situated in the sponge.

Fig, 6. —Developmental form of clavidise, with ends joined by slender
filamment.  x 750.

Fig. 7.—Incomplete clavidise, like & sigma. X 750.

Fig. 8.—Clavidise with crossed ends.  x 750.

Fig. 9.—Young twisted form of clavidisc—abnormal. X 750,

Fig. 10.—Very slender, simple sigmata. X 750.

Figs. 11-15.—Abnormal spicules, all from one specimen. Fig. 11,
tylostyle with three knobs.  Fig. 12, tylostyle with double curve. Fig.
13, toxa-shaped rhiaphide.  Fig. 14, clavidisc with flat dises in place of
keyhole sinuses.  Fig. 15, slender sigmata with knobs at each end.
All x 750,

Fig. 16.—Calcareous skeleton, surface view, showing surface tabula,
with central hole, or slit, which may be quite closed. The tahula
show concentrie cireles and radial sutures radiating from centre to the
mter-flange suture.  x 130,

Fig. 17.—Vertical section of skeleton, showing several crypts. one
series being laid open and two others closed over (by vertical flanges or
wings), X 130.

Fig. 18.—Base of skeleton, showing some tabulic nearly closed, which
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roofed over erypts which had heen full of calcocytes, later macerated
out. X 100,

Fig. 19.—Ground-down hasal section with soft tissues remaining.
Thick walls of tubes as seen by strong. oblique reflected light, showin‘f_f
well how vertical flanges or wings join to form walls of tubes. .
Tabula.  x 160.

Fig. 20.—Calcareons skeleton of Merlia on surface of carinate worm-
tube. macerated in Eau de Javelle, the youngest parts of skeleton heing
lumps and seales.  x 100,

Fig. 21.—Calcareous scales on swrface of worm-tube (see fig. 20)
having appearance of calcified flattened cells, with a nuclear hump and
granular strncture, X 425,

Fig. 22—A conule at base of tubercle having the appearance of a
petrified amehocyte. fitting cap-like on rounded surface helow, with
rounded basal rim and lohate basal process, with oval nuecleus and
granular structure. X 1500.

PLATE 36.

Fig. l—Part of mass of crypt-cells. «. An isthmus of tissue. b.
Flattened crypt-cells in section. much contracted, showing sections of
nuclei. ¢, Connective tissue cell. X 1000,

Fig. 2.—Part of sponge tissue at bottom of an upper or open crypt.
«. Collar-cells. b. Longitudinal hundles of spicules with their sclero-
blasts. e. Transverse section of spicule bundle. X 1500.

Fic. 3.—A neck or isthmus joining upper part of sponge to a mass of
crypt-tissue.  «. Large granular crypt-cells.  b. Connective-tissue cells
(collencytes). x 1500,

Fig. 4.—Large granular crypt-cells.  x 1500.

Fic. 5.—Three calcocytes on summit of a tubercle. Slichtly separated
by pressing down cover-slip ; separation indicated by Y line. [Note.—
The view is in projection; the cells extend some distance vertically
down.] x 2200.

Fig. 6.—Growing edge of skeleton. Culcareous har covered with
layer of calcocytes. X 650.

Fig. 7.—One calcocyte from those depicted in fig. 6, showing
granular contents (each granule with dark central spot), large oval
nucleus, and the nucleolus.  x 4000,

Fie. S.—Two flattened granular cells.  x 2220.
Fig. 0.—Caleareons skeleton. showing granular appearance (due to
ends of fibrillze) at surface. and fibrillar structure in section. X 1300,

Fig. 10.—Clavidise with its scleroblast. «. Nuclens. X 1450,
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PLATE 37.

Fig. 1.—Growing edge of a specimen of Merlia (osmic-piero-carmine
preparation in glycerine) showing eclongated caleocytes planming out
caleareous skeleton on smooth surface of shell. «. Calcocytes. D.
Flagellated chambers and exemrrent canal. e, Siliceons spicules. d.
Edge of sponge. e. Connective-tissue cells (collencytes).  x 750.

Fig.

Fig. 3.—Myocytes amrranged radially and concentrically round a pore.
x 1450,

Fig. +—Gland-cells. X 2425.

2 —Collencytes. X 2425,

o3

PLATE 38.

Fig. 1.—Vertical section of very young specimen figured on Pl 32,
fie. 13. decalcified. «. Spaces left by dissolved skeleton. b. Elon-
gated caleveytes. ¢, Connective-tissue cells, with finely and abundantly
branched processes.  d. Young wedge-shaped collar-cells.  x 1000.

Fig. 2.—Vertical section of same showing a tylostyle and a bhundle of
silieeons spienles cut transversely. X 1000,

Fig. 3.—Vertieal section of same neaver to edge of sponge than in
fig. 1. x 540,

Fig. +.—Part of a colleneyte (mostly cut away) showing many tufts
of branching processes. X 1500,

Fig. 5—Growing edge of a specimen. «. Edge of sponge. b. Cal-
careous skeleton. X 120,

Fig. 6.—The tuning-fork spicule from the original dried specimen
of Merlia. x 1050,

Fig. 7.—Montienlipora (Heterotrypa) monilformis Nich.
(from Devonian of Ountario), surface, showing polygonal network and
tubercles.  Copied from Nicholson's * Palwozoic Corals,” ** Monticuli-
pora.” 1871, pL i fig. Ta. X 1S.

Fig. S8.—Rhaphidopora {Chatetes) stromatoporoides
Roemer.  Devonian of Gerolstein.  Tangential section ™ (but ? sur-
R.K.). From Nicholson and Foord. ‘Ann. Mag. Nat. Hist.’
(5), xvii. pk xvi. fig. 5. showing polygonal network, tubercles, and tabulze,
some with central hole and apparently with radial sutural lines.  x 20.

face view,

Fig. 9.—The same as fig. 8, deeper transverse section. X 20.



